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Abstract 
Goa, a petite state located on the west coast of the Peninsular 
India, is bestowed with nine major rivers of which the 
Mandovi and the Zuari rivers are the major and important 
rivers from irrigation and hydropower point of view. Spatial 
and temporal variation of rainfall in these basins has great 
influence on water resources of the state. In view of this, on 
the basis of available monthly rainfall data from 1901-2012 
and daily rainfall data for the period of 2001-2012 for the 
stations located in north and south districts of Goa were 
analysed to review the mean monthly, seasonal and annual 
rainfall intensity, trends and its spatial distribution; severe 
rainstorms and their raindepths for different durations. The 
analysis will be important in water planning projects 
especially, for irrigation, hydropower and flood control, etc. 
for the Goa state. 
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Introduction 
In India, after the independence, large numbers of 
studies have been carried out for different river basins 
up to respective dam sites in context with the river 
basin projects (e.g. Dhar et al 1962, 1965, 1966 (a&b), 
1975 (b), 1991, etc.). In view of these studies, a large 
number of water resources projects have been 
constructed on different river basins in north India. 
However, very few studies are available on the 
characteristics of rainfall and its distribution over the 
Goa state in Peninsular India. Suprit and Shankar 
(2008) studied the spatial estimates of rainfall on the 
Indian west coast for calculating the surface water 
budget. According to them the Mandovi river 
discharge provided a reliable and independent 
validation of the accuracy of the rainfall estimate as 
the river is purely rain-fed. Pai (2008) in his study on 
Biodiversity of the Mandovi valley mentioned 
different environmental aspects of Mandovi river 
basin with reference to rainfall, flora, fauna, water 
management, etc. 
In view of the above, an attempt has been made to 
study the characteristics of rainfall distribution over 
the Goa state with special reference to monthly, 
seasonal, annual and decadal variation and analysis of 
rainstorm in the two districts of the Goa state. 
Study Region 
Goa state is situated between 15°48'00" N and 
14°53'54" N latitudes and 74°20'13"E and 73°40'33"E 
longitudes and from sea-level at the coast to an 
altitude of 1022 m a.s.l at its highest point in the 
Sahyadri Ghats. (see Fig.1). The state is bordered by 
Arabian Sea to the west, in the north by Maharashtra 
state and Karnataka state in south and east. The total 
land area of Goa has stretched across 3702 sq.kms and 
its coastline extends to 105 kms. 
 
Physiographic Features of the Goa State  
Physiographically, Goa can be divided into four 
distinct morphological divisions (see Fig.1) from east 
to west: 
a) The Eastern hill ranges - The entire eastern 
part of Goa State is flanked by the western 
slopes of the Western Ghats or Sahyadri hills 
that extends in the form of an arc with a 
length of 125 km north-south and covers an 
area of about 750 sq km. Occupies the Talukas 
Sattari in the North, Ponda in the central and 
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Canacona & Sanguem in the South.  
b) The central rolling to undulating uplands 
occupies parts of Pernem, Bicholim, Ponda, 
Eastern Sanguem and Quepem talukas. This 
division comprises of valley lands under 
paddy cultivation.  
c) The flood plains of Mandovi and Zuari rivers 
are in between the coastal plains and rolling 
uplands in the East and South East. The 
marshy paddy lands locally termed as 
'Khazan' are situated in these flood plains. 
d) The Coastal plains can be observed in the 
coastal talukas of Tiswadi, Mormugao, Bardez 
and Salcete.  
Soil cover of the Goa is made up of laterites that 
consist of rich ferric aluminium oxides. The presence 
of iron in the soil makes it appear red in color. The soil 
appears to be alluvial and loamy along the river banks. 
The soil is rich in minerals and humus, thus conducive 
to plantation. 
 
FIG.1: MAP OF GOA SHOWING RIVER NETWORK AND THEIR 
BASINS WITH SAHYADRI HILLY AREA 
River System in Goa 
Goa holds more than forty estuarine, eight marine and 
approximately ninety riverine islands. There are nine 
major rivers in Goa flowing from East (Western Ghat) 
to West (Arabian Sea) except Sal River. Terekhol, 
Chapora, Baga, Mandovi, Zuari, Sal, Saleri, Talpona, 
Galgibag are the main nine rivers of Goa. Among 
these rivers, Mandovi and Zuari drain 2553 Sq. km, 
about 70% of the total geographical area of Goa (see 
Table 1 and Fig.1).  
TABLE 1: MAJOR RIVER BASINS AND THEIR AREAS IN GOA 
River Basin 
in Goa 
Length within 
the State (km) 
Basin Area 
(sq. kms) 
Average runoff 
(MCM) 
Terekhol 26 71 164.25 
Chapora 32 255 588.35 
Baga 10 50 116.42 
Mandovi 52 1580 3580.04 
Zuari 145 973 2247.40 
Sal 40 301 694.39 
Saleri 11 149 343.04 
Talpona 32 233 515.59 
Galgibag 14 90 187.11 
Total 362 3702 8436.59 
(Source: Master Plan for Mandovi River Basin, A Report by The 
Panel of Experts, CWC, 1997, Vol.I & II) 
Out of the nine rivers, six originate and flow 
exclusively within the state boundaries and do not 
have any interstate implications. However, river 
Terekhol and Chapora originate in Maharashtra state 
while Mandovi originates in Karnataka. These rivers 
form an integral part of Goa life because of their 
portability, irrigation facilities, agriculture and coastal 
resources, transportation of mining ores, etc. (see 
Fig.1). Most of the rivers are navigable and of 
immense economic importance as ores are transported 
through these rivers to Mormugao port for export. 
There are two major lakes viz. Mayem and 
Carambolim. 
Goa’s river system is unique and they are both tidal as 
well as Rainfed. During monsoon months, water 
within the watershed areas is drained out through the 
major rivers to the Arabian Sea. The rivers are 
influenced by the tidal influx up to the distance of 
about 40 km inland towards upstream. Salinity factor 
in the river varies sharply during monsoon and non-
monsoon seasons and so does the physico-chemical 
quality of water in wells along the riverbanks. 
Climate of Goa 
Goa falls in the tropical monsoon climate zone as per 
the Köppen climate classification. Being located in the 
tropical zone and near the Arabian Sea, it has a hot 
and humid climate for most of the year. The month of 
May is the hottest (day temperatures >35°C) coupled 
with high humidity. The monsoon onset takes place 
over the state by early June and withdraws by the end 
of September. Most of the Goa's annual rainfall is 
received during the monsoons months of June to 
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September. However, during March 2008, the entire 
state was lashed with heavy rain and strong winds. 
This was the first time in 29 years since it became an 
independent state (in 2007) that Goa experienced rain 
in the month of March. The winter season lasts 
between mid December to February with the 
temperature falling around 21°C in the night to about 
28°C during the day time with moderate amounts of 
humidity. Further inland, due to altitudinal gradation, 
the nights are a few degrees cooler. 
Data used and Methodology 
There are about 6 raingauge stations each in north and 
south Goa, namely, Bicholim, Pernem, Panaji, Mapuca 
(Mapusa), Ponda (Fonda), Valpoi located in the North 
Goa (See Fig.2) and Canacona, Dabolim NAS AP, 
Margao, Marmugao, Quepem, Sanguem located in the 
South Goa. However, monthly rainfall data is 
available for the period of 1901 to 2000 only for Panaji, 
Mapuca (Mapusa), Ponda (Fonda), Valpoi, Dabolim 
NAS AP, Margon, Marmugao, Sanguem stations. 
Rainfall data available for these stations as well as for 
north and south district of Goa state, obtained from 
the National Data Centre (NDC), India Meteorology 
Department forms the major data source.   
In addition to this, daily rainfall data for the above 
stations (except Bicholim) has been procured from the 
Regional Data Centre, Mumbai, India for the period of 
2001 to 2012 and the same has been used to compare 
the rainfall variation during the two periods, viz. 1901 
to 2000 and 2001 to 2012. 
 
FIG.2: MAP OF GOA SHOWING DISTRICTS AND 
OBSERVATORY STATIONS 
Methodology  
(i)  The base map of the Goa state has been 
prepared from Survey of India Topo-sheet of 
1:1000000 scales and Hydrology Project II, Goa 
(2006-2014). 
(ii) On the basis of the rainfall stations inside the 
state, and considering monthly rainfall data 
for the state, long term mean monthly, 
seasonal, annual and decadal rainfall has been 
calculated for the two districts viz. North and 
South Goa along with the standard deviation 
(SD) and coefficient of variability (CV) for the 
period of 1901 to 2012.   
(iii) Different statistical parameters viz. mean, 
median, mode, kurtosis, skewness (significant 
at 95% level) were estimated. 
(iv) Analysis of rainstorms during 2001 to 2012 has 
been carried out using standard Depth-
Duration (DD) techniques of rainstorm 
analysis. The technique of DD analysis has 
been explained in detail in various 
publications like the World Meteorological 
Organization (WMO) manual of depth–area–
duration analysis (WMO, 1970, 1973) and the 
Manual of Hydrometeorology (IMD, 1972). 
(v) Monsoon Precipitation Index (MPI) and 
Precipitation Ratio have also been worked out 
using respective formula mentioned in the 
text. 
Mean Rainfall Climatology 
In order to assess the system response to climatic 
variability, long sequences of stochastically generated 
monthly data are used in the simulation of water 
resources systems, and in the estimation of water yield 
from large river catchments. The water resource in the 
Goa is mainly due to the monsoon rainfall during June 
to September and is largely affected by the monsoon 
vagaries, resulting in floods during some years and 
droughts during others. The southwest monsoon 
normally advances over the state and adjoining areas 
by around June and establishes firmly over the entire 
state by the end of June. It withdraws from this region 
mostly in the first week of October. The state starts 
receiving heavy to very heavy rainfalls when different 
low pressure systems like depressions, cyclonic storms, 
etc. originate in the Bay of Bengal, cross the Indian 
coast and move in a west to northwesterly direction. 
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Mean Monthly, Seasonal and Annual Rainfall  
The analysis of monthly rainfall data during different 
periods (see Table 2, Figs.3&4) showed that the mean 
annual rainfall over the two districts viz. north and 
south Goa has been increased especially during 2001 
to 2012 periods. Although there is not much variation 
in the rainfall of north and south Goa, the northern 
district receives comparatively heavy rainfall as the 
moisture laden winds raise to the top of the Sahyadri 
ranges while crossing the Western Ghats cause heavy 
rainfall along the windward side of the hilly region.  
The variation of monthly rainfall over the two districts 
(see Fig.3) showed that the intensity of rainfall 
gradually goes on increasing from May to July with 
the enhancement of southwest monsoon activity over 
the region. It decreases sharply by the month of 
October.  July is the highest rainfall recording month 
in both the districts. Therefore, the months from June 
to September are the major contributing months to the 
annual rainfall. About 90% to 91% of the annual 
rainfall is contributed during June to September and 
95% during June to October of the monsoon season in 
the two districts of Goa (see Figs. 3&4). 
 
FIG.3: AVERAGE MONTHLY RAINFALL VARIATION OVER TWO DISTRICTS DURING THREE DIFFERENT PERIODS 
(1901-2000, 1901-2010 and 2001-2012) 
TABLE 2: MEAN MONTHLY, SEASONAL AND ANNUAL RAINFALL (MM) OVER THE GOA STATE 
Month / 
Season 
North Goa South Goa 
1901-2000 1901-2010 2001-2012 1901-2000 1901-2010 2001-2012 
January 1.1 1.1 1.0 0.8 1.2 4.5 
February 0.4 0.4 0.3 0.5 0.4 0.1 
March 0.5 1.6 10.2 0.5 1.8 12.0 
April 13.3 12.6 6.7 11.6 11.2 9.8 
May 79.0 79.9 75.2 85.4 87.2 88.4 
June 873.0 872.1 909.9 870.4 865.7 859.9 
July 1050.9 1044.1 982.1 997.2 987.3 907.5 
August 610.3 616.7 712.7 572.4 577.8 660.7 
September 290.9 302.9 428.0 279.1 290.9 387.6 
October 130.1 134.6 168.7 129.0 135.5 178.4 
November 42.1 43.0 45.7 37.6 37.8 39.0 
December 8.3 7.7 1.4 8.3 7.8 2.6 
Annual 3099.8 3116.7 3342.1 3006.3 3016.1 3150.6 
 Seasonal rainfall 
Jun-Sept 2825.1 2835.8 3032.8 2719.1 2721.7 2815.8 
Jun-Oct 2955.2 2970.4 3201.5 2848.1 2857.1 2994.2 
 % of seasonal rainfall  with respect to annual rainfall 
Jun-Sept 91 91 91 90 90 89 
Jun-Oct 95 95 96 95 95 95 
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FIG.4: SEASONAL RAINFALL VARIATION OVER A) NORTH AND B) SOUTH GOA 
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FIG. 5: AVERAGE ANNUAL RAINFALL TREND OVER NORTH AND SOUTH GOA 
As shown in Fig.5 that the average annual rainfall of 
the two districts go hand in hand showing an 
increasing trend from 1901 to 2010 although South 
Goa receives comparatively less rainfall than North 
Goa.  There is noteworthy increase during the period 
1931 to 1970.  
 
FIG. 6: EFFECT OF ALTITUDE ON THE VARIATION OF 
RAINFALL  
The effect of altitude on seasonal and annual rainfall of 
the stations in the two districts has been studied and 
shown in Fig.6. Altitudinal variation is more effective 
in north Goa than in the south Goa, both during 
seasonal and annual rainfall. Average rainfall 
recorded at higher altitudes is comparatively less than 
that at lower altitudes. 
Highest 1-day Rainfall  
In recent years, extreme climatic events have proved to 
be one of the most popular topics in contemporary 
climatology, as variation in their occurrence and 
intensity is seen as evidence of potential climate 
change (Livada and Asimakopoulos, 2005; Lupikasza, 
2010). Also extreme precipitation events tend to 
trigger floods whose impact go beyond economic 
damage and involve loss of life that interest 
researchers to attention this topic (Pearson and 
Henderson, 1998; De et al, 2005; Guhatakurta et al, 
2011).  
It is seen from the above analysis that rainfall varies 
considerably over space and time over the Goa state. 
Therefore, extreme rainfall recorded by stations in the 
two districts has been studied from economical point 
of view. 
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TABLE 3: HIGHEST 1-DAY RAINFALL (MM) RECORDED BY STATIONS IN GOA (1971-2012) 
No. Station Jun Jul Aug Sept Oct 
1 Pernem 294.4 18/06/2012 282.4 02/07/2009 206.2 01/08/1995 178.0 28/09/2007 129.3 13/10/1994 
2 Mapusa 461.8 15/06/1996 301.4 02/07/2009 179.8 19/08/1988 110.0 25/09/2007 117.0 03/10/2006 
3 Panaji 366.6 12/06/1999 334.7 01/07/1987 242.1 01/08/1988 174.6 22/09/2005 256.8 03/10/2009 
4 Ponda 363.8 16/06/1992 227.1 (25/07/2005 142.0 04/08/1986 166.2 27/09/1974 227.2 03/10/2009 
5 Valpoi 348.1 12/06/2000 360.3 25/07/2005 260.7 11/08/2008 307.6 22/09/2005 260.3 02/10/1996 
6 Marmugao 368.0 12/06/1999 342.6 24/07/1998 176.0 01/08/1995 145.0 01/09/2007 213.1 03/10/2009 
7 Dabolim 207.4 22/06/2005 206.6 25/07/2005 171.5 11/08/2008 161.6 22/09/2005 284.8 03/10/2009 
8 Margao 350.1 12/06/1999 300.0 07/07/2000 280.8 11/08/1983 195.0 30/09/1995 275.0 03/10/2009 
9 Quepem 390.6 12/06/1999 305.4 30/07/1979 265.2 10/08/1983 230.8 14/09/2006 268.0 18/10/1995 
10 Sanguem 432.6 07/06/2009 245.2 25/07/2005 306.8 12/08/1983 193.5 30/09/1975 258.8 03/10/2009 
11 Canacona 362.7 12/06/1999 245.4 09/07/1991 186.2 05/08/2007 175.4 14/09/2006 380.0 03/10/2009 
 
As mentioned earlier, monsoon contributes more than 
90% of annual rainfall during June to September. 
Therefore, highest 1-day rainfall was recorded mostly 
during the monsoon months (see Table 3) of the period 
1981 to 2012. It is seen from this table that highest 1-
day rainfall was in the range of 110 mm on 25 Sept. 
2007 to 461.8 mm on 15 Jun. 1996. It is to be mentioned 
here that station Dabolim recorded 234.6 mm of 
rainfall on 30 May 2006 which is the highest rainfall 
recorded during the month of May. It is also seen that 
except Dabolim and Canacona, all the stations 
recorded their ever highest 1-day rainfall in the month 
of June. All the stations recorded highest 1-day rainfall 
during the heavy rainspell of 3-5 Oct. 2009. 
Monsoon Precipitation Index (MPI) 
Moetasim Ashfaq et al (2009) defined the precipitation 
index as the departure of rainfall from the 
climatological means (1961–1990), averaged over land 
points between 70° - 90°E and 5°–25°N. Calculation of 
TABLE 4: SEASONAL RAINFALL STATISTICS FOR NORTH GOA 
  Winter    (Jan-Feb)  Pre-monsoon (Mar-May) Monsoon (Jun-Sept)  
Decade Mean S.D. CV Max Min Mean S.D. CV Max Min Mean S.D. CV Max Min 
 (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) 
1901-1910 2.8 6.4 233 19.6 0.0 59.6 73.9 124 222.1 0.0 2380.9 465.6 20 3061.8 1356.1 
1911-1920 2.6 8.2 316 25.9 0.0 126.9 224.2 177 748.4 6.8 2274.6 620.0 27 3145.4 1244.7 
1921-1930 1.4 3.7 259 11.7 0.0 45.0 71.0 158 241.0 0.0 2386.7 391.7 16 2952.8 1686.4 
1931-1940 1.9 2.8 146 9.1 0.0 92.5 128.7 139 353.4 0.3 2978.4 420.8 14 3750.3 2269.9 
1941-1950 4.3 7.7 181 24.5 0.0 97.9 126.0 129 377.9 1.8 2961.3 551.9 19 3598.1 1832.2 
1951-1960 0.2 0.5 212 1.5 0.0 122.5 101.5 83 351.9 19.9 3255.8 524.2 16 3940.6 2450.0 
1961-1970 0.1 0.3 267 1.1 0.0 170.1 227.9 134 718.9 1.4 3105.0 466.7 15 4035.8 2460.7 
1971-1980 0.0 0.0 UD 0.0 0.0 70.8 72.4 102 243.1 1.5 2748.9 522.7 19 3562.8 1788.3 
1981-1990 0.1 0.2 275 0.7 0.0 58.3 103.0 177 342.0 4.2 3089.2 569.9 18 3936.6 2024.5 
1991-2000 1.5 3.4 230 10.2 0.0 84.4 97.9 116 270.5 1.0 3070.2 399.7 13 3683.4 2454.1 
2001-2010 1.6 2.3 147 6.2 0.0 106.8 104.1 97 371.4 22.1 2942.5 562.1 19 3831.4 2235.0 
                
1901-2010 1.5 4.3 290.0 25.9 0 94.1 130.6 138.8 748.4 0 2835.8 580.2 20 4035.8 1244.7 
                
 Post-Monsoon         (Oct.-Dec)   Annual        
Decade Mean S.D. CV Max Min Mean S.D. CV Max Min      
 (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm)      
1901-1910 80.1 74.1 93 250.7 12.7 2523.3 480.4 19 3320.4 1532.8      
1911-1920 152.7 105.4 69 360.4 45.3 2556.8 547.8 21 3442.2 1731.1      
1921-1930 165.6 138.6 84 371.9 12.9 2598.8 455.8 18 3314.9 1872.9      
1931-1940 289.3 115.7 40 493.5 177.5 3362.1 530.9 16 4266.8 2456.1      
1941-1950 143.9 59.0 41 204.1 31.1 3207.3 561.8 18 3719.8 1940.1      
1951-1960 232.1 110.1 47 450.5 87.8 3610.6 489.0 14 4072.3 2806.2      
1961-1970 217.5 95.4 44 346.4 40.0 3492.7 601.6 17 4913.1 3021.9      
1971-1980 152.4 96.2 63 302.2 20.0 2972.1 614.4 21 3890.0 1854.2      
1981-1990 163.3 112.6 69 395.1 57.4 3310.8 553.4 17 4064.4 2146.3      
1991-2000 207.6 103.3 50 416.0 41.5 3363.7 449.2 13 4006.8 2685.3      
2001-2010 235.0 180.7 77 550.6 55.7 3285.8 616.9 19 4278.5 2508.4      
                
1901-2010 185.4 120.43 65 550.6 12.7 3117 636.7 20.4 4913.1 1532.8      
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MPI is useful for both agricultural and hydrological 
applications. Since MPI is not adversely affected by 
the topography it gives us an idea about spatial 
variation of monsoon rainfall over different 
topographical regions. Higher the MPI, lesser is the 
rainfall variation at individual station. In the present 
study on the basis of available monthly rainfall data, 
monsoon precipitation index (MPI) has been 
calculated as, 
Monsoon Precipitation Index (MPI)  
Annual Range 
Total Annual Rainfall
= …                                (1) 
Where, Annual Range = (Monsoon rainfall – Non-
monsoon rainfall) 
MPI in case of north and south Goa mostly varied 
from 0.7 to 1.0 except in the year 1918 and 2006 it was 
0.2 and 0.5 respectively. 1918 was the severe drought 
year during which the state received very less rainfall 
in the monsoon months. In 2006, post monsoon 
months of October to December received good rainfall 
reducing the MPI to 0.5.  
Variability of Rainfall During Different 
Decades 
“Variability of rainfall is defined as the deviation from 
mean” or “ratio of the standard deviation to the mean 
rainfall” and in other words variability of coefficient of 
variation. Table 4 and 5 give the decadal and entire 
period variation of rainfall for different seasons with 
CV and minimum – maximum rainfall variation for 
north and south Goa. It is evident from the CV given 
in Table 4 and 5 that monsoon rainfall is reflected in 
annual rainfall. CV is negligibly higher in south Goa 
due to variation in the district topography from plain 
to hills. The south Goa district receives some heavy 
showers of rainfall during post monsoon season 
showing less CV than it is recorded in the north 
Goa district. 
As shown in Figs.7&8, 1961-1970 decade has recorded 
maximum annual rainfall (see Table 5) of the order of 
4913.1 mm and 4691.2 mm in north and south Goa 
respectively. Next to it, 1931-1940 decade recorded 
second maximum annual rainfall. The average annual 
TABLE 5: SEASONAL RAINFALL STATISTICS FOR SOUTH GOA 
  Winter    (Jan-Feb)  Pre-monsoon (Mar-May) Monsoon (Jun-Sept)  
Decade Mean S.D. CV Max Min Mean S.D. CV Max Min Mean S.D. CV Max Min 
 (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm) 
1901-1910 1.8 4.8 273 15.3 0.0 52.8 60.1 114 178.3 1.1 2244.5 414.5 18 3006.3 1520.4 
1911-1920 3.9 12.2 314 38.6 0.0 124.4 255.0 205 844.0 9.7 2192.6 460.0 21 2922.4 1422.1 
1921-1930 1.4 2.4 177 6.9 0.0 55.4 68.5 124 183.1 1.3 2404.7 405.3 17 3050.4 1744.1 
1931-1940 0.0 0.0 UD 0.0 0.0 95.0 123.2 130 405.7 0.5 3115.3 441.2 14 3955.4 2435.0 
1941-1950 3.0 5.7 191 14.5 0.0 84.6 106.6 126 367.9 10.8 2695.0 641.4 24 3434.7 1702.6 
1951-1960 0.5 1.3 263 4.0 0.0 139.9 108.8 78 390.3 18.4 3004.9 344.9 11 3522.4 2362.8 
1961-1970 0.3 1.0 316 3.2 0.0 184.9 231.8 125 660.9 0.0 3097.6 613.1 20 4213.4 2279.4 
1971-1980 0.0 0.1 316 0.2 0.0 74.5 79.5 107 216.9 0.2 2578.2 657.6 26 3795.7 1535.0 
1981-1990 0.1 0.3 286 1.0 0.0 63.0 112.4 179 374.6 2.0 2930.2 607.5 21 3833.8 2067.2 
1991-2000 2.2 6.0 277 19.1 0.0 95.0 104.3 110 295.0 8.1 2970.4 340.9 11 3580.4 2561.5 
2001-2010 5.5 12.6 229 39.5 0.0 126.9 123.5 97 437.2 4.0 2736.4 463.6 17 3465.9 2140.6 
                
1901-2010 1.7 6.0 352 38.6 0 100.5 138.2 138 844 0 2727.47 581 21 4213 1422.1 
                
 Post-Monsoon         (Oct.-Dec)   Annual        
Decade Mean S.D. CV Max Min Mean S.D. CV Max Min      
 (mm) (mm) (%) (mm) (mm) (mm) (mm) (%) (mm) (mm)      
1901-1910 81.0 75.8 94 256.4 10.9 2380.0 448.6 19 3268.6 1664.4      
1911-1920 149.3 112.1 75 403.7 33.5 2470.1 393.7 16 3155.6 1928.7      
1921-1930 190.7 133.0 70 409.0 23.9 2678.8 504.0 19 3473.9 1980.4      
1931-1940 251.2 103.6 41 497.1 117.7 3461.5 527.6 15 4465.5 2553.2      
1941-1950 151.5 80.1 53 268.3 38.9 2934.1 612.0 21 3678.6 1865.6      
1951-1960 224.7 95.5 42 413.0 117.5 3369.9 358.1 11 3801.2 2735.0      
1961-1970 188.4 103.0 55 334.3 30.1 3471.2 694.3 20 4691.2 2489.9      
1971-1980 138.6 103.1 74 366.7 17.4 2791.4 726.6 26 4046.0 1623.8      
1981-1990 179.0 101.7 57 391.5 68.8 3172.2 593.1 19 3991.8 2197.6      
1991-2000 207.3 99.6 48 405.7 38.0 3274.9 431.9 13 4028.9 2709.0      
2001-2010 242.3 192.25 79 576.2 53.1 3111 519 17 4045.3 2418.9      
                
1901-2010 181.9 117.63 65 576.2 10.9 3016 643.2 21 4691.2 1623.8      
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rainfall increased from the 1901-1910 decade to 1951-
1960 decade and thereafter it remained more or less 
steady. Similarly, the highest percentage of southwest 
monsoon rainfall with respect to annual rainfall was 
recorded during 1901-1910 decade. However, 
maximum monsoon rainfall of 4035.7 mm (north Goa) 
and 4213.3 mm (south Goa) was recorded during 1961-
1970 decade followed by 1931-1940 decade. So far as 
minimum rainfall is concerned, both the districts 
recorded their minimum monsoon rainfall during 
1971-1980 decade. 
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FIGS.7 AND 8: DISTRIBUTION OF MINIMUM, MAXIMUM AND 
ANNUAL RAINFALL WITH PRECIPITATION RATIO (%) 
DURING DIFFERENT DECADES OVER NORTH AND SOUTH 
GOA 
Precipitation Ratio 
The abnormalities of rainfall at any location may be 
brought by a simple ratio of precipitation. It is the 
difference between maximum and minimum rainfall 
of the annual rainfall series expressed in terms of 
mean. 
( )Max Min
R
MAR
P   P
P    x 100
P
−
=                    (2) 
Where, PR        = Precipitation Ratio 
              PMax  = Maximum mean annual rainfall 
              PMin  = Minimum mean annual rainfall 
              PMAR = Mean annual rainfall 
This ratio may give the stability of rainfall with special 
relationship. Higher the ratio, higher is the 
abnormality in rainfall and vice versa (Rathod and 
Aruchamy, 2010). The minimum and maximum 
precipitation ratios for different decades were worked 
out for north and south Goa and the same are given in 
Table 6. 
In North Goa district, maximum abnormality (i.e. 71%) 
was recorded during 1901-1910 (see Tables 6&7) 
decade during which the district as a whole recorded 
less annual rainfall. In South Goa district, maximum 
abnormality was recorded during 1971-1980 period 
during which the district recorded very less annual 
rainfall in the drought year of 1972 and highest 
maximum rainfall was recorded in the 1975 giving 
high precipitation ratio of 87%. Both the districts 
recorded minimum precipitation ratio during 1951-
1960 decade (35% for North Goa and 32% for South 
Goa) indicating more or less stable annual rainfall 
throughout the decade. 
TABLE 6: PRECIPITATION RATIO OVER NORTH AND SOUTH GOA 
North Goa 
Decade 
Annual 
Ave. 
rainfall 
(mm) 
Max. 
rainfall 
(mm) 
Min. 
rainfall 
(mm) 
Precipitation 
ratio (%) 
1901-1910 2523.3 3320.4 1532.8 71 
1911-1920 2556.8 3442.2 1731.1 67 
1921-1930 2598.8 3314.9 1872.9 55 
1931-1940 3362.1 4266.8 2456.1 54 
1941-1950 3207.3 3719.8 1940.1 55 
1951-1960 3610.6 4072.3 2806.2 35 
1961-1970 3492.7 4913.1 3021.9 54 
1971-1980 2972.1 3890.0 1854.2 68 
1981-1990 3310.8 4064.4 2146.3 58 
1991-2000 3363.7 4006.8 2685.3 39 
2001-2010 3285.8 4278.5 2508.4 54 
South Goa 
1901-1910 2380.0 3268.6 1664.4 67 
1911-1920 2470.1 3155.6 1928.7 50 
1921-1930 2678.8 3473.9 1980.4 56 
1931-1940 3461.5 4465.5 2553.2 55 
1941-1950 2934.1 3678.6 1865.6 62 
1951-1960 3369.9 3801.2 2735.0 32 
1961-1970 3471.2 4691.2 2489.9 63 
1971-1980 2791.4 4046.0 1623.8 87 
1981-1990 3172.2 3991.8 2197.6 57 
1991-2000 3274.9 4028.9 2709.0 40 
2001-2010 3111.2 4045.3 2418.9 52 
Statistical Analysis of Rainfall 
In Goa, monthly precipitation is similar to each other 
in all seasons in north and south Goa districts. 
Therefore, to avoid repetitions, the analysis was made 
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on the seasonal basis instead of monthly basis. The 
descriptive statistical analysis results were interpreted 
from the climatologic point of view and from the test 
statistic point of view. These results are presented in 
Tables 7 and 8. 
As seen from Tables 7 and 8, the average rainfall 
during the winter months viz. January to February are 
very low and go on increasing till May. During the 
monsoon months of June to September, there is 
substantial increase in the monthly rainfall with 
highest in the month of July. With the advance of post-
monsoon season, annual rainfall goes on decreasing. 
However, years with minimum (excluding zero 
rainfall) and maximum rainfall were observed during 
the 110 year period (1901 to 2010) and the same are 
given in Tables 7 and 8.   
In both the districts, February month has recorded 
highest maximum rainfall in the year 1917 for the 
winter season and month of May recorded highest 
maximum rainfall in the year 1918. During the 
monsoon season, North Goa recorded maximum 
rainfall in Jul.1954 and South Goa in Jul.1953, whereas, 
the minimum was recorded in the month of September 
1944 for both districts. 
Similarly, during the post-monsoon season, maximum 
rainfall was recorded in the month of October i.e. in 
the year 1955 for North Goa and in the year 1928 for 
South Goa.  The minimum rainfall recorded for the 
winter months, pre- and post-monsoon months were 
<1.0 mm for the two districts. Positive and negative 
deviations are higher in the months of May to October 
than in the months of November to April however, 
their ratios are less during May to October.  
Generally in the climatologic studies, the average 
monthly and annual rainfall data is used. In this 
approach, a normal distribution of rainfall amount is 
assumed. However, the rainfall does not always 
display a normal distribution over a long period of 
time. In order to show the deviation of the monthly 
and annual data from the average value, the statistical 
indicators as standard deviation, coefficient of 
variation, skewness, kurtosis, mode and median were 
calculated. 
TABLE 7: THE STATISTICAL VALUES OF MONTHLY AND ANNUAL RAINFALL FOR NORTH GOA 
Month 
Ave. 
Rainfall 
(mm) 
Max. 
Rainfall 
(mm) 
(year) 
Min. Rainfall 
(mm) 
(Year) 
Positive 
deviation 
(mm) 
Positive 
deviation 
ratio (%) 
Negative 
deviation 
(mm) 
Negative 
deviation 
ratio (%) 
Range 
(mm) 
Jan 1.1 23.0 0.1 21.9 1990.9 1.0 90.9 22.9 
  1941 
19(58,84,90), 
2003 
     
Feb 0.4 25.9 0.2 25.5 6375.0 0.2 50.0 25.7 
  1917 1966      
Mar 0.5 13.3 0.1 12.8 2560.0 0.4 80.0 13.2 
  1976 19(35,89)      
Apr 13.3 309.5 0.2 296.2 2227.1 13.1 98.5 309.3 
  1937 19(35,36,96)      
May 79.0 746.9 0.1 667.9 845.4 78.9 99.9 746.8 
  1918 1935      
Jun 873.0 1484.9 351.6 611.9 70.1 521.4 59.7 1133.3 
  1999 1927      
Jul 1050.9 1727.1 286.5 676.2 64.3 764.4 72.7 1440.6 
  1954 1905      
Aug 610.3 1313.7 215.2 703.4 115.3 395.1 64.7 1098.5 
  1940 1905      
Sep 290.9 863.5 60.8 572.6 196.8 230.1 79.1 802.7 
  1916 1944      
Oct 130.1 435.1 0.8 305.0 234.4 129.3 99.4 434.3 
  1955 1918      
Nov 42.1 258.7 1.0 216.6 514.5 41.1 97.6 257.7 
  1966 1920      
Dec 8.3 218.6 0.04 210.3 2533.7 8.3 99.5 218.6 
  1965 2005      
Annual 3099.8 4913.1 1532.8 1813.3 58.5 1567.0 50.6 3380.3 
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The comparison of average S.D. and CV showed that 
CV is very high with zero median and less S.D. in the 
month of January to March and December and less 
during the monsoon months with increase in S.D 
(Table 9). The skewness and kurtosis coefficients are 
positive for non-monsoon months and < 0 or negative 
in monsoon months. Therefore, the average 
precipitation is higher than median and mode. These 
positive values of skewness and kurtosis indicate that 
the frequency of low precipitation is high in Goa 
during winter, pre- and post-monsoon season and the 
frequency of extreme values above the average is low.  
Time Series Analysis 
It is to be mentioned here that the inherent variability 
displayed by many hydrological time series usually 
masks trends and periodic patterns. This situation has 
often led to ‘smoothing’ the original time series so that 
the effects of random variations are reduced and 
trends or cyclical patterns enhanced. One of the 
simplest, and perhaps most common, smoothing 
technique employed is that of fitting a moving average 
(also called rolling or running average) (e.g. 
Thompson and Ibbitt, 1978, Tomlinson, 1980 a&b). In 
the case of simple moving average, all values are 
weighted equally. A moving average is commonly 
used with the time series data to smooth out short - 
term fluctuations and highlight long-term trends or 
cycles. The threshold between short-term and long-
term depends on the application, and the parameters 
of the moving average will be set accordingly. 
 
 
FIG.9: 7-YEAR RUNNING AVERAGES OF ANNUAL RAINFALL 
AVERAGE FOR NORTH AND SOUTH GOA 
TABLE 8: THE STATISTICAL VALUES OF MONTHLY AND ANNUAL RAINFALL FOR SOUTH GOA 
Month 
Ave. 
Rainfall 
(mm) 
Max. 
Rainfall 
(mm) 
(year) 
Min. Rainfall 
(mm) 
(Year) 
Positive 
deviation 
(mm) 
Positive 
deviation 
ratio (%) 
Negative 
deviation 
(mm) 
Negative 
deviation 
ratio (%) 
 
Range 
(mm) 
Jan 0.8 19.1 0.2 18.3 2287.5 0.6 75.0 18.9 
  1995 1945      
Feb 0.5 38.6 0.1 38.1 7620.0 0.4 80.0 38.5 
  1917 1986      
Mar 0.5 11.9 0.1 11.4 2280.0 0.4 80.0 11.8 
  1954 19(67,75)      
Apr 11.6 157.3 0.1 145.7 1256.0 11.5 99.1 157.2 
  1937 19(43,92)      
May 85.4 843.7 0.1 758.3 887.9 85.3 99.9 843.6 
  1918 1965      
Jun 870.4 1519.3 302.3 648.9 74.6 568.1 65.3 1217.0 
  1981 1949      
Jul 997.2 1793.8 276.1 796.6 79.9 721.1 72.3 1517.7 
  1953 1905      
Aug 572.4 1501.1 136.5 928.7 162.2 435.9 76.2 1364.6 
  1940 1904      
Sep 279.1 774.6 40.3 495.5 177.5 238.8 85.6 734.3 
  1950 1944      
Oct 129.0 402.4 0.8 273.4 211.9 128.2 99.4 401.6 
  1928 1909      
Nov 37.6 204.5 0.2 166.9 443.9 37.4 99.5 204.3 
  1946 1967      
Dec 8.3 161.2 0.2 152.9 1842.2 8.1 97.6 161.0 
  1965 2000      
Annual 3006.3 4691.2 1623.8 1684.9 56.0 1382.5 46.0 3067.4 
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Correlograms were developed from 3, 5, 7 and 9 year 
moving averages. It was seen that as the time base of 
the moving average is increased (say up to 7 years), 
the shorter oscillatory components disappeared from 
the correlograms giving better picture of rainfall 
variation over the two districts of Goa state(see Fig.9). 
However, information about periodic components of 
relatively short wavelengths in relation to the length of 
the moving average may be lost. 
It is also seen from Fig.9 that broadly each of the 
districts displayed a similar characteristic of cyclic 
trend except the magnitude for most of the period. The 
cyclic trend clearly shows that average rainfall was 
below normal up to 1932 and was highest during the 
period 1950 to 1970. Thereafter, it remained more or 
less near normal. Having a small physiographic area, 
north and south Goa districts do not show much 
variation in the rainfall distribution as it is seen from 
the statistical analysis. However, year to year 
variations are noteworthy showing increasing trend of 
rainfall after 1995. 
Rainstorm Analysis 
India, being a tropical country, during every monsoon 
season, one or the other region of the country 
experiences severe floods. These floods are mostly 
associated with intense rainspells of 1 to 3 days 
durations. These intense rainspells are generally 
associated with cyclonic disturbances moving through 
the country during the monsoon season (Jun. to Sept.) 
which in turn cause severe rainstorm over a region or 
a basin. Large number of studies on rainstorm analysis 
of north Indian river basins or regions are available 
(Dhar et al, 1962, 1965, 1966, 1975 a&b, 1984 a&b, 1991; 
Dhar and Nandargi, 1991) but very few studies are 
made so far as the peninsular India is concerned 
(CWC, 1993; Dhar et al, 1987, 1989). It was revealed 
from these studies that heavy rainspells that occurred 
over the Goa region have not been examined. 
Therefore, an attempt has been made to analyse the 
severe rainstorms experienced by the Goa state in 
peninsular India, on the basis of available recent 12 
years data from 2001 to 2012. 
TABLE 9: DESCRIPTIVE STATISTICAL VALUES OF MONTHLY RAINFALL IN GOA 
A) North Goa 
Seasons Months 
Std. 
Dev. 
C.V (%) Skewness Kurtosis Median Mode 
Winter Jan 3.7 324.4 4.2 19.4 0.0 0.0 
 Feb 2.6 731.6 9.7 95.1 0.0 0.0 
Pre-monsoon Mar 1.7 342.5 5.2 32.9 0.0 0.0 
 Apr 35.7 269.0 6.4 49.5 2.7 0.0 
 May 128.5 162.6 3.0 11.1 26.9 0.0 
Monsoon Jun 243.6 27.9 0.2 -0.4 865.4 N/A 
 Jul 313.1 29.8 -0.1 -0.3 1055.8 N/A 
 Aug 269.7 44.2 0.7 -0.1 581.1 N/A 
 Sep 161.9 55.7 1.2 1.8 251.6 205.5 
Post-monsoon Oct 102.8 79.1 0.8 -0.1 96.6 279.6 
 Nov 48.0 114.0 1.8 4.4 32.4 0.0 
 Dec 27.4 331.4 5.8 38.5 0.0 0.0 
Annual 639.2 20.6 -0.1 -0.2 3172.9 2902.4 
B) South Goa 
Seasons Months 
Std. 
Dev. 
C.V (%) Skewness Kurtosis Median Mode 
Winter Jan 4.8 383.5 5.5 36.3 0.0 0.0 
 Feb 3.7 831.1 10.2 106.0 0.0 0.0 
Pre-monsoon Mar 12.7 717.9 10.1 104.9 0.0 0.0 
 Apr 24.7 219.5 3.8 16.6 2.5 0.0 
 May 138.1 158.3 2.9 10.3 31.8 0.0 
Monsoon Jun 229.7 26.5 0.4 0.3 849.1 1073.8 
 Jul 322.9 32.7 0.1 -0.4 998.8 N/A 
 Aug 278.3 48.2 1.0 0.9 525.1 N/A 
 Sep 168.0 57.8 0.9 0.4 251.9 N/A 
Post-monsoon Oct 107.9 79.7 1.1 0.7 108.2 269.3 
 Nov 45.3 119.9 1.6 2.4 26.0 0.0 
 Dec 24.0 306.0 4.5 22.8 0.0 0.0 
Annual 643.2 21.3 0.1 -0.3 3115.9 N/A 
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For any hydraulic project connected with irrigation, 
hydro-power generation, flood control and drainage, it 
is necessary to obtain the spatial and time distribution 
of rainfall associated with the storm and to evaluate 
the average depth of precipitation yielded by it over a 
specified area during the storm period. A rainstorm is 
defined as a spatial distribution of heavy rainfall, 
yielding average depth of precipitation which equals 
or exceed a certain threshold value over a region in 
association with some meteorological phenomena viz. 
low pressure areas, depression or cyclonic storms etc. 
(Abbi, 1972). 
Selection of severe rainstorms over a region or a basin 
is generally done by surveying long series of daily 
rainfall data for stations in and around the study 
region or a problem basin and checking through 
weekly, monthly and annual weather reports of IMD 
publications, tracks of depressions and cyclonic storms, 
flood news bulletins, extreme weather events 
publications etc. Severe rainstorms are normally 
selected by fixing an appropriate threshold value by 
considering the rainfall characteristics of the region 
under study. A threshold value of about 10% of the 
seasonal normal rainfall of the catchments /sub-
catchments is usually considered for the most frequent 
rainstorm duration over the region. The threshold 
value also depends upon the size of the catchment 
area. The smaller the catchment, higher is the 
threshold value, whereas for large catchment lower is 
the threshold value. Estimation of maximum average 
raindepths from analysis of severe rainstorms over a 
region are normally made by the following methods 
considering the orography, nature and size of the 
basin / sub-basin / zone, the amount of data 
availability and its suitability : -  
(i) Depth-Duration (DD) Method, 
(ii) Depth-Area-Duration (DAD) Method, 
(iii) Storm Transposition Technique 
The main objective of all the above methods is to 
estimate the maximum possible raindepths, which a 
basin or a region may experience in future years. The 
above methods are well documented in various 
publications like Hydrometeorology by Wiesner (1970), 
Manual of Hydrometeorology (IMD, 1972), WMO 
(1970, 1973 and 1986). In the present study considering 
the areal extension of the Goa state, rainstorm analysis 
has been carried out by DD method. A brief 
description of the same is given in the following 
section. 
Depth-Duration (DD) Method 
In this method, the catchment/ region is considered as 
a unit of study. All the heaviest rain spells (severe 
rainstorms) experienced by a basin/region over a long 
period of time are extracted and then analyzed for 
different durations by the Depth-Duration (DD) 
method in order to obtain average maximum basin 
raindepths. Maximum raindepths thus obtained are 
plotted as DD curves and highest raindepths are 
determined from the envelope curves. The envelope of 
all the raindepths, which is called as design raindepths 
or Standard Project Storms (SPS), is then determined 
for different durations. This method is normally used 
when daily rainfall data for a good network of stations 
are available for a sufficiently long period of years. 
The method is most suitable for the estimation of 
design raindepths over catchments located in 
mountainous regions or orographically influenced 
region and also near coastal region. 
The analysis of daily rainfall data for the period of 
2001 to 2012, showed that of the 37 heavy rainspells, 16 
occurred in Jun, 12 in July, 7 in August and 1 each in 
September and October. It was also noticed that most 
of the rainspells were of longer duration’s viz. 6 to 10 
days. These 37 heavy rainspells were subjected to DD 
analysis using GIS technology and results showed that 
there were 21 severe rainstorms occurred over the Goa 
state of which 10 rainstorms were of 4 days duration 
(see Table 10). Table 10 also gives the average 
raindephs (mm) for all the durations of the rainstorm 
along with date and centre of occurrence mentioning 
envelope or SPS raindepths at the end. 
Considering the area of the state, these raindepths can 
be used as standard project storm (SPS) raindepths. a) 
23-25 Jul. 2005 and b) 1-3 Oct. 2009 rainstorms formed 
the envelope or SPS raindepths for 3-days duration. 
Fig.10 (a&b) show the isohyetal pattern of these two 
rainstorms for 3-day duration and DD raindepth 
curves for all the 21 storms are given in Fig.11. It was 
seen from Fig.10 that although 1-3 Oct. 2009 was a 
southwest coastal storm (Centre: Canacona, South 
Goa), it has given widespread heavy rainfall over the 
entire state for all the three durations. 23-25 Jul. 2005 
rainstorms mostly occurred over the Mandovi basin 
(north Goa) with Valpoi as a centre. 
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TABLE 10: LIST OF SEVERE RAINSTORMS OCCURRED OVER GOA DURING 2001 TO 2012 
No. Rainspell Period 
Raindepths (mm) for 1 to 4-day durations 
with date of occurrence and Center 
1-day 2-day 3-day 4-day 
1 14-17 Jun 2002 138.8 (15/6) Mapusa 248.3 (14-15/6) Canacona 349.0 (14-16/6) Canacona 434.5 Canacona 
2 18-21 Jun 2003 165.5 (20/6) Canacona 256.1 (20-21/6) Panaji, Canacona 316.1 (19-21/6) Canacona 373.3 Canacona 
3 5-7 Jul 2003 126.5 (7/7) Canacona 236.7 (6-7/7) Canacona 304.7 (5-7/7) Canacona  
4 20-23 Jun 2005 153.7 (22/6) Canacona 258.2 (21-22/6) Canacona 321.6 (21-23/6) Canacona 391.5 Canacona 
5 23-25 Jul 2005 200.0 (25/7) Valpoi 362.8 (24-25/7) Valpoi 446.2 (23-25/7) Valpoi  
6 22-24 Sept. 2005 149.9 (22/9) Valpoi 236.3 (22-23/9) Valpoi 284.3 (22-24/9) Valpoi  
7 30 May-1Jun 2006 165.5 (31/5) Sanguem 298.7 (30-31/5) Margao 361.0 (30/5-1/6) Margao  
8 22-24 Jun 2007 124.1(23/6) Sanguem 244.5 (23-24/6) Valpoi 282.5 (22-24/6) Margao  
9 3-6 Aug 2007 125.8 (5/8) Valpoi 199.6 (4-5/8) Valpoi 307.4 (3-5/8) Valpoi 385.7 Valpoi 
10 31 Aug - 3 Sept 2007 122.8 (1/9) Panaji 203.4 (1-2/9) Mamugao 268.6 (31/8-2/9) Margao 331.1 Valpoi 
11 7-10 Jun 2008 152.1 (8/6) Canacona 214.0 (7-8/6) Canacona 273.7 (7-9/6) Quepem 324.9 Quepem 
12 10-13 Jun 2008 122.2 (13/6) Quepem 216.5 (12-13/6) Ponda 249.0 (11-13/6) Quepem 300.2 Quepem 
13 8-11 Aug 2008 158.5 (11/8) Valpoi 293.8 (10-11/8) Valpoi 355.3 (9-11/8) Valpoi 416.6 Valpoi 
14 6-8 Jun 2009 208.1 (7/6) Sanguem 257.1 (6-7/6) Sanguem 271.7 (6-8/6) Sanguem  
15 1-3 Jul 2009 162.0 (2/7) Mapusa 225.2 (2-3/7) Pernem 261.9 (1-3/7) Mapusa  
16 2-5 Jul 2009 162.0 (2/7) Mapusa 225.2 (2-3/7) Pernem 367.4 (2-4/7) Pernem 479.5 Pernem 
17 3-5 Jul 2009 142.2 (4/7) Sanguem 254.2 (4-5/7) Pernem 317.4 (3-5/7) Pernem  
18 1-3 Oct 2009 210.5 (3/10) Canacona 298.9 (2-3/10) Canacona 352.7 (1-3/10) Canacona  
19 19-22 Jul 2010 118.5 (21/7) Mapusa 223.5 (20-21/7) Mapusa 305.7 (19-21/7) Mapusa 386.1 Pernem 
20 16-18 Jul 2011 124.7 (16/7) Mapusa 185.0 (16-17/7) Quepem 248.9 (16-18/7) Quepem  
21 17-19 Jun 2012 150.8 (19/6) Marmugao 299.6 (18-19/6) Pernem 358.5 (17-19/6) Pernem  
 
Envelope (SPS)  
raindepths (mm) 210.5 362.8 446.2 479.5 
  
FIG. 10:  THREE DAY ISOHYETAL PATTERN OF A) 23-25 JUL. 2005 AND B) 1-3 OCT. 2009 RAINSTORMS OVER THE GOA STATE 
a) b) 
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FIG.11: DD RAINDEPTHS CURVES FOR SEVERE RAINSTORMS OVER THE GOA 
Summary  
Goa being a petite state located in the Peninsular India, 
is a well known tourist destination among the tourists 
all over the world. The state is bestowed with nine 
major rivers of which the Mandovi and the Zuari 
rivers are the major and important rivers providing a 
network of waterways for inland navigation and ready 
means of lift and flow irrigation and hydroelectricity 
generation. The variability of the rainfall and runoff of 
these river basins considered both temporarily and 
spatially gives us its implications on surface water 
resources of the region. Therefore, analysis of rainfall 
patterns is important in water planning projects 
especially, for irrigation, hydropower and flood 
control, etc. These projects require analysis of rainfall 
amount and duration and its variation in space over a 
basin.  
In view of the above, on the basis of available monthly 
rainfall data from 1901-2012 and daily rainfall data for 
the period of 2001-2012 for the stations located in 
north and south districts were analysed to review the 
rainfall trends and its spatial distribution; quantity, 
intensity. Mean monthly, seasonal and annual maps 
for rainfall were prepared using GIS application. The 
analysis revealed the following important results:- 
a) The long term mean annual rainfall of the two 
districts of Goa region has shown increasing 
trend and is > 3100 mm of which 90% is 
contributed during June to September months 
and 95% during June to October months of the 
monsoon season. June, July and August are 
the major contributing months to the annual 
rainfall. The region is characterized by unique 
aerial topography because of the Western 
Ghats. Region which is located to the 
windward side of the Western Ghats receive 
comparatively heavy rainfall. 
b) Highest 1-day rainfall recorded over the two 
districts was in the range of 110 mm on 25 
Sept.2007 to 461.8 mm on 15 Jun. 1996. Station 
Dabolim recorded 234.6 mm of rainfall on 30 
May 2006 which is the highest rainfall 
recorded during the month of May. 
c) In order to have an idea about the distribution 
of spatial rainfall over different topographical 
regions, monsoon precipitation index (MPI) 
has been calculated for each of the district. It is 
seen that the average MPI varied from 0.7 to 
1.0 in both the districts. 
d) Due to varied topography, the abnormalities 
of rainfall in the two districts have been 
estimated by a simple ratio of precipitation. 
The maximum abnormality recorded at south 
Goa (87%) during 1971-1980 decade whereas 
in case of north Goa Maximum precipitation 
ratio was 71% which is recorded during 1901-
1910 decade. 
e) Statistical indicators viz. skewness and 
kurtosis showed that the frequency of low 
precipitation is high in Goa during winter, 
21 
www.seipub.org/sias                                                                     Studies in Atmospheric Science (SIAS) Volume 1 Issue 1, April 2014 
pre- and post-monsoon season and the 
frequency of extreme values above the average 
is low. 
f) During 2001-2012 period, state experienced 37 
heavy rainspells of which 21 were the most 
severe storms. 23-25 Jul. 2005 and 1-3 Oct. 2009 
rainstorms formed the envelope raindepths 
and these can be used as a SPS raindepths. 
Conclusion 
With water diversion and hydroelectric projects, the 
Mandovi river, Goa’s life-line, faces imminent threat of 
choking because of the reduction in water flow, 
siltation and disruption of its ecology due to change in 
its profile and possibility of seismic disturbances. The 
sharing of water of the Mandovi river is a cause of 
dispute between the governments of Maharashtra, 
Karnataka and Goa. It is estimated that this project 
will submerge a vast area amounting to about 3,000 
hectares; most of it will be the thick forested area on 
Karnataka side of the valley. Once these forests are 
destroyed, there will be a drastic change in the ecology 
of the valley reducing the rainfall, ruining its forests, 
wildlife, and all its natural wealth. 
In view of the above, application of different statistical 
methods to the long term rainfall data of Goa revealed 
the detailed rainfall characteristics of Goa. The results 
of the study would form a basis for various studies as 
administrating fresh water sources, projecting the 
investments to prevent the urban areas from the flood, 
and planning the agricultural activities. 
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